T he work-up of patients with hallucinations, especially auditory hallucinations, can be complicated and often confusing because inner ear disease is a possible cause as are psychiatric disorders, particularly schizophrenia. Musical hallucinations attributable to a discrete intracranial focus are rare. A thorough history, physical examination, neuropsychological testing, and neuroimaging may lead to the identification of a treatable cause. We describe a patient whose musical hallucinations were shown to be associated with seizures originating from an unruptured intracranial aneurysm, which was surgically corrected.
REPORT OF A CASE
A 61-year-old right-handed woman presented with a 2-year history of spells and a 1-year history of musical hallucinations. Her symptoms initially began as episodes of nausea, fatigue, and disorientation that arose without warning and lasted several minutes. She did not lose consciousness or experience stereotyped movements. One year before presentation, during hospitalization for pneumonia, she noticed tinnitus. After the patient was discharged, tinnitus became a persistent, episodic, and bilateral hallucination of music that she recognized but could not control voluntarily. The music had a seasonal variation; she heard Christmas music during the month of December. Other times, the music had religious overtones (eg, "Amazing Grace").
The patient's medical history was notable for an isolated seizure of unknown cause 27 years previously, hyperlipidemia, and a graft of the right jaw bone. Her only medication was cerivastatin. She had no history of hearing loss or psychiatric illness. Before presentation at our institution, she had been evaluated by an audiologist for tinnitus, but no abnormality was noted. Findings on magnetic resonance imaging (MRI) of the brain had been interpreted as normal.
The patient sought psychiatric help for the hallucinations but received no diagnosis. She then sought evaluation at our institution. On initial physical examination, the patient was pleasant, alert, and in no acute distress. A thorough neurologic examination showed no abnormalities of motor or sensory function, cranial nerves, reflexes, balance, gait, speech, or mental status. Findings on the rest of the examination were otherwise normal.
Repeated MRI with use of thin cuts of the brain revealed a tiny area of enhancement in the right uncus with a small amount of increased signal on T2-weighted imaging, suggesting an unruptured aneurysm with surrounding edema or gliosis (Figure 1 ). No hippocampal atrophy or mesial temporal sclerosis was noted. At that time, video electroencephalographic monitoring showed no scalp changes. Cerebral angiography revealed 2 right-sided 5-mm saccular aneurysms arising from the anterior choroidal artery and proximal anterior cerebral artery (Figure 2 ). The former projected directly into the uncus. Memory and language testing was performed. Each internal carotid artery (ICA) was injected with 125 mg of amobarbital sodium 30 minutes apart. The patient reported cessation of music after injection into the right ICA and resumption of music after return of left upper extremity strength. This effect was not observed with left ICA injection. The patient was found to be left hemisphere-dominant for language.
The patient was scheduled for surgical clipping of the aneurysms. As part of this procedure, intraoperative electrocorticography (ECoG) was performed over the area of the aneurysms; spike discharges were evident (Figure 3) . After successful clipping of the aneurysms with small focal resection of the surrounding uncus, repeated ECoG showed normalization of the spike discharges (Figure 4 ). On awakening and recovering, the patient noted cessation of the musical hallucinations.
DISCUSSION
Auditory hallucinations range from simple tinnitus to unformed hallucinations (simple repeated sounds) to formed hallucinations (highly complex series of sounds); musical hallucinations are rare. Most reported cases have been noted in elderly women with hearing loss, although psychiatric illness is a known association. True central nervous system sources include intracerebral hemorrhages, 1 neoplasms, 2 arteriovenous malformations, 3 and rhombencephalitis. 4 Several drugs have been proposed to induce musical hallucinations, including tricyclic antidepressants, 5 triazolam, 6 propranolol, 7 salicylates, 8 clomipramine, 9 and pentoxifylline. 10 Our patient's musical hallucinations were due to an unruptured aneurysm in the right uncus.
Although case reports have described musical hallucinations, seizures manifested as auditory hallucinations have been reported infrequently; musical hallucinations originating from a seizure are rare. Fish 11 classified musical hallucinations with other "psychic seizures," seizures that tend to have a strong affective component, connect with elements of the patient's distant memory, and localize almost exclusively to the temporal lobes. Our patient's seizures fulfilled this description; her hallucinations were of music that she had learned at a young age and that had a religious or seasonal meaning. Intraoperative ECoG localized her seizures to the nondominant right temporal lobe.
Provenzale et al 12 reported seizure activity associated with unruptured intracerebral aneurysms. They observed that an increased signal on T2-weighted imaging around the aneurysm site on MRI may be associated with an increased predilection for epileptogenesis. In our patient, MRI showed an increased T2 signal at the site of the aneurysms. Provenzale et al further noted that their literature review produced no epileptogenic aneurysms that were smaller than 1 cm in diameter. Our patient's offending aneurysm was approximately half that size.
Functional neuroimaging techniques provide preliminary evidence of an association between auditory hallucinations and temporal lobe changes in regional glucose uptake, as measured by positron emission tomography. 13 Similarly, functional MRI "symptom capture" protocols Figure 4 . Electrocorticography (ECoG) before (upper) and after (lower) clipping of aneurysms and focal resection of the surrounding uncus. Note the high amplitude rhythmic spike discharges on contacts 3, 4, and 5 before resection and their absence after resection. The ECoG was performed while the patient was anesthetized with propofol.
